Resumen

El objetivo de este estudio fue estimar el costeefectividad de reducir la transmisión de la leishmaniasis tegumentaria americana utilizando ropas y cortinas impregnadas con insecticidas, e implementando programas de entrenamiento para el diagnostico temprano. Se adoptó una perspectiva social, utilizando los años de vida ajustados por discapacidad (AVAD). Se estructuró una simulación con un modelo de Markov. Los costes fueron expresados en dólares americanos (US$). La razón de coste-efectividad incremental fue calculada para cada estrategia. Se desarrollaron análisis de sensibilidad de una vía y multivariados. La razón de coste-efectividad incremental para el diagnóstico temprano fue estimada en US$ 156,46 por AVAD evitado, mientras que la razón de coste-efectividad incremental para la prevención con ropa y cortinas impregnadas fue de US$ 13.155,52 por AVAD evitado. Ambas estrategias fueron más sensibles a la incidencia natural de leishmaniasis, a la efectividad del tratamiento contra leishmaniasis mucosa y al coste de cada estrategia. La prevención de la transmisión vectorial y el diagnóstico temprano han probado ser medidas coste-efectivas.
Introduction
Leishmaniasis is caused by protozoan parasites of the genus Leishmania (Kinetoplastida: Trypanosomatidae). Leishmania braziliensis is more commonly characterized and associated with outbreaks in Argentina 1 . In the New World, the disease is transmitted by the bite of a female phlebotomus of the genus Lutzomyia. Lutzomyia neivai (Lu. intermedia complex), the vector involved in the transmission of leishmaniasis, is one of the species of phlebotomus that is more adapted to habitats modified by human activities in South America. Tegumentary leishmaniasis includes the cutaneous and mucocutaneous clinical forms. Cutaneous leishmaniasis is characterized by the presence of one or more ulcers, which may either heal spontaneously or persist for several months 2 . Mucosal leishmaniasis produces progressive destruction of the nasal septum and palate, causing severe disfigurement of the face and respiratory problems, which do not heal spontaneously 3 . Nowadays, the global incidence of cutaneous leishmaniasis has been estimated at between 0.7 and 1.2 million cases, with an estimated incidence ranging from between 187,200 and 307,800 in the Americas 4 . In Argentina, 150 to 370 cases of cutaneous leishmaniasis are notified per year; the last outbreak was observed in 2002 with 748 human cases throughout the ten endemic provinces 5 . A spatial intervention against the vector in the urban area might have little or no impact in preventing the disease as the transmission occurs mostly in sylvatic contexts. Therefore, early diagnosis and appropriate treatment continue to be the most relevant measures during endemic situations 6 . Prevention of transmission in the sylvatic cycle should focus on individual protection with recommendations to avoid humanvector contact in sites abundant with sand flies where transmission risk is high. The use of permethrin-impregnated military uniforms and the possibility of combination with repellents have been evaluated in Iran and Colombia 7, 8, 9 . So far, according to the articles cited, the use of impregnated clothing has presented variable efficacy to prevent leishmaniasis. However, based on the results presented in two of these articles, the effectiveness would be around 70%, considering either case prevention or biting protection. In Argentina, insecticide-treated curtains in homes and the use of insecticide-impregnated clothing in subjects working in wild environments could have great potential for the prevention of leishmaniasis. On the other hand, early diagnosis allows rapid treatment and could contribute to therapeutic success. This may be achieved by training physicians working in primary care centers and healthcare providers collaborating in active recruitment of cases. A proper identification, diagnosis and treatment of cutaneous leishmaniasis are important due to the risk of developing the mucocutaneous clinical form, concomitantly or after disease remission 10 . Early diagnosis and referral for timely treatment of patients with mucocutaneous leishmaniasis has been proposed as an important strategic approach to the disease by national programs for the management of this condition, and by nongovernmental organizations 11 . There are, to the authors' knowledge, no published studies of the effectiveness of this strategy.
The goal of our study is to estimate the costeffectiveness of implementing two strategies for the prevention of leishmaniasis in endemic areas of Argentina: reducing disease transmission using insecticide-impregnated clothing and curtains and implementing training programs for early diagnosis.
Methods
Study design
A cost-effectiveness evaluation was conducted from a societal perspective, considering direct and indirect costs. A government perspective was also adopted for the base-case analysis in order to provide elements of comparison. The time frame and analytic horizon considered included the lifetime of persons at risk for leishmaniasis, assuming that each strategy would be in place for the entire period. The disability adjusted life years (DALY) for tegumentary leishmaniasis were used as measure of effectiveness. Two strategies were evaluated separately. First, prevention of transmission with pyrethroidtreated clothing for rural workers exposed to risk and curtains impregnated with the insecticide in houses in endemic areas, corresponding to three major ecoregions of northern Argentina: subtropical forest Yungas, dry and humid Chaco, and Paranaense forest 12 . These ecoregions include nine Argentinian provinces: Salta, Jujuy, Tucumán, Catamarca, Formosa, Chaco, Santiago del Estero, Misiones and Corrientes. Second, implementation of training reinforcement programs to improve early diagnosis of patients and timely treatment. These strategies were compared with the original strategic approach to the disease, which consists of diagnosis and treatment of the cases detected (passive detection), without taking preventive measures against transmission.
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Model overview
Simulation was structured as a Markov model in 1-year cycles in a cohort of 100,000 inhabitants from birth to the age of 85 years in areas of Argentina with active disease transmission. The values of cost, effectiveness and transition probabilities parameters were collected during 2010. Five health states were considered for the dynamics of tegumentary leishmaniasis: susceptible, person with cutaneous leishmaniasis, person with mucocutaneous leishmaniasis, person with mucocutaneous leishmaniasis not treated, and deceased ( Figure 1 ). Treatments with firstand second-line drugs were considered intermediate transitional states because they involved less time. The cohort mortality was calculated from data of the National Census and Statistics Institute 13 and National Ministry of Health of Argentina 14 for the year 2010. A specific mortality or reduction in life expectancy was not assumed for patients with leishmaniasis, due to the absence of notifications of deaths related to mucosal leishmaniasis in Argentina (data from the National Reference Laboratory). The transition probabilities incorporated in the model were obtained from bibliographic references ( Table 1) . The extreme values of the intervals were considered for different values of transition probabilities according to the publications. The median of all values was calculated to obtain the baseline. In the absence of bibliographic references, the 44 ; Martins Netto et al. 45 ; Oliveira-Neto et al. 46 Percentage of effectiveness transition probability was assumed. The probability of being diagnosed with cutaneous leishmaniasis was estimated based on the results of two investigations made on two outbreaks in the provinces of Tucuman and Misiones, northern Argentina, during 2003 and 2004 15, 16 (unpublished data used for the estimation). The probability of being diagnosed was assumed unchanged during interepidemic periods, given that the surveillance system was maintained active through local training and periodic evaluation after these investigations. The assumptions of the model transition probabilities were the following: (1) the probability of presenting the mucocutaneous form was considered independent of having presented the cutaneous form before and of having received treatment; this was proposed as the most conservative scenario for the presented model, given that mucosal leishmaniasis may occur at the same time as cutaneous leishmaniasis 17 ; (2) a patient with untreated mucocutaneous form suffers the consequences of reduced quality of life throughout his/her lifetime; and (3) the probability of relapse of the cutaneous form after failed treatment was not considered. An expert panel of two infectious diseases clinicians and three epidemiologist, members of the National Leishmaniasis Control Programme, validated the estimates and assumptions used in this model. The simulation model was developed using the Decision Analysis software by Tree Age (TreeAge Software Inc., Williamstown, USA), version 2007.
Costs
Direct and indirect costs were evaluated. The monetary values of intangible costs were not considered, as they were included within the health outcomes. Direct costs of healthcare included medical costs, days of hospitalization, laboratory tests (complete blood count, liver panel, serum creatinine, serum amylase and electrolytes), electrocardiogram, medications administered and subsequent evaluation of patients after treatment. Costs of meglumine antimoniate were communicated by the National Ministry of Health, which provides medication to patients treated in all public and private healthcare centers of the country. Indirect costs per workdays lost were estimated from data of the Argentinian Ministry of Labour. Direct costs of insecticides to be applied in curtains and work clothing were considered for the prevention of transmission strategy. In a wide range of scenarios, the indirect costs of buying curtains for the houses and the indirect cost of the time required to apply the insecticide were considered. Market values were used to estimate insecticide costs. Costs of training included direct costs of teachers' salaries and subsistence expenses and indirect costs of transport allowances for teachers and students, meals and accommodation and working days lost. Training programs were applied to 20 participants and each course had two teachers. One physician was trained in cities with populations above 2,000 inhabitants, whereas five physicians were trained when the population was above 100,000 inhabitants. The parameters used are described in Table 2 with their upper and lower ranges, distribution and source of information. A micro-costing approach was used for estimating costs 18 . This method is especially useful for estimating the cost of new interventions, for producing estimates in studies that include non-market goods, and for studying within-procedure cost variation 19 . All costs were expressed in 2010 American dollars (US$).
Health outcomes
Effectiveness was calculated as DALY averted, estimated in the study of global burden of diseases by Murray & Lopez 20 for cutaneous leishmaniasis. There are no estimations available about DALY associated with mucocutaneous leishmaniasis. Therefore, we used the value associated with the disability produced by leprosy. Both conditions display similar spectra of disease phenotypes, which are dependent on T cell-mediated immunity 21 and produce similar symptoms as those seen in nasal mucosa 22, 23, 24 . The use of this disability weight was mentioned by Reithinger & Coleman 25 in their investigation on cost effectiveness of an operational program Table 2 Costs for treatment of patients, early diagnosis and prevention strategies. for leishmaniasis treatment. In this article, the authors discuss the disability weighting for cutaneous leishmaniasis as set by the Global Burden of Disease Study 20 , and the possibility of using a disability weight similar to a cleft lip, bancroftian filariasis or debilitating leprosy. The standardized disability weights for cutaneous leishmaniasis (0.023) and for mucosal leishmaniasis (0.152) were multiplied by the duration of each condition and estimated in 0.25 years (3 months) for cutaneous leishmaniasis and 0.5 years (6 months) for mucosal leishmaniasis 2 . DALY were not adjusted by age due to the small impact of the age-weight function 26 .
Costs
Temporal effects
For the base-case, both effectiveness and cost were discounted at 3%, considering an interval from 1% to 5% in the sensitivity analysis. Inflation in Argentina for 10 years was considered for analyzing the temporal effect of costs (7.44%).
Cost-effectiveness analysis
The incremental cost-effectiveness ratio of each strategy (US$/DALY) was calculated to compare the results with other studies. This ratio represents the cost required to avert one DALY. A lower incremental cost-effectiveness ratio value implies a better cost-effectiveness. The strategies were considered highly cost-effective if the incremental cost-effectiveness ratio value per DALY averted was less than the gross domestic product per capita (GDP) of the country, and cost-effective between one and three times GDP per capita according to the recommendations of the World Health Organization 27 .
Sensitivity analysis
Sensitivity analysis was used for evaluating uncertainty in the structure of the model, the parameters estimated and the assumptions. Each key parameter was sequentially tested in a oneway sensitivity analysis using a tornado analysis. A multivariate, probabilistic sensitivity analysis based on 10,000 Monte Carlo simulations was performed to estimate the effect of simultaneous variability of the parameters involved in the results of the model. The values of parameters within the range were assumed to follow a triangular distribution. The outcome variable was assumed normally distributed 28 . Based on the results of the Monte Carlo simulations for each strategy, the incremental cost-effectiveness analysis was calculated using the cost-effectiveness plane 29 , with the incremental effectiveness on the x-axis and the incremental cost on the y-axis. The acceptability curve, which represents the probability that the intervention is acceptable given varying thresholds of inversion, was analyzed from Argentina's GDP to a value 10 times greater.
Results
Health impact
The incidence of cutaneous leishmaniasis and mucocutaneous leishmaniasis in the absence of prevention of transmission would be 2,061 and 526 cases per 100,000 inhabitants, respectively. Using insecticide-impregnated curtains and clothing, the incidence of cutaneous leishmaniasis and mucocutaneous leishmaniasis would be reduced by 2.5 times (825 cases per 100,000 inhabitants) and by 3 times (174 cases per 100,000 inhabitants), respectively. Implementing this strategy would prevent 220.71 DALY per 100,000 inhabitants. Training healthcare workers in early diagnosis would prevent 170.63 DALY per 100,000 inhabitants, without reduction in the number of cases. However, the incidence of cutaneous and mucocutaneous leishmaniasis would not be affected, as this strategy is not focused on reducing disease transmission.
Cost-effectiveness analysis
From the societal perspective, a cost of US$ 252,790.39 was estimated for the cohort of 100,000 inhabitants in the treatment strategy. The cost rises to US$ 259,056.51 when training strategies for early diagnosis are performed. The prevention of transmission approach increased the cost to US$ 990,288.44. The incremental costeffectiveness ratio for early diagnosis strategy was estimated at US$ 156.46 per DALY averted, while that of prevention of transmission with insecticide-impregnated curtains and clothing was US$ 13,155.52 per DALY averted. Based on Argentina's GDP per capita for the year 2010 (US$ 9,067), the early diagnosis strategy would be highly costeffective (less than the GDP per capita), while the prevention of transmission strategy would be cost-effective (less than three times the GDP per capita). Considering the government perspective (without accounting for social costs), the incremental cost-effectiveness ratio for early diagnosis strategy was US$ 459.10 per DALY averted, and the incremental cost-effectiveness ratio of prevention with insecticide was US$ 16,478.13 per DALY averted. From this perspective, both strategies remain cost-effective.
Sensitivity analysis
The results of univariate analysis in both strategies were more sensitive to the natural incidence of cutaneous leishmaniasis, to the effectiveness of mucosal leishmaniasis treatment with firstline drug and to the cost of each strategy ( Figures  2 and 3) . The results showed that the effectiveness of the strategies had little influence. For the early diagnosis strategy, the costeffectiveness plane that represents the 10,000 Monte Carlo simulations of the cost-effectiveness ratio demonstrates a certain degree of uncertainty (Figure 4) . Most simulations were located in the northwest quadrant (52.29%) and northeast quadrant (43.63%) which means that in 95.92% of the simulations the early diagnosis strategy was more costly than the original strategy. In turn, the strategy was more effective in 47.71% of simulations. For the prevention of disease transmission strategy, most of the simulations were located in the northeast quadrant (89.52%), indicating that the strategy was more effective and more costly (Figure 4) . The absence of simulations in the southwest and southeast quadrants indicated that, in all simulations, the cost of the prevention of transmission strategy was higher than that of the original strategy.
The acceptability curves for incremental cost-effectiveness ratio are presented in Figure  5 . For the early diagnosis strategy, in 21% of the simulations the incremental cost-effectiveness ratio was below the threshold GDP per capita and in 34% the incremental cost-effectiveness ratio was less than three times the GDP per capita. Even if the threshold GDP per capita is increased 10 times, the percentage of simulations of incremental cost-effectiveness ratio below that value is not beyond 43%. For the prevention of transmission strategy, less than 1% of simulations are below the threshold GDP per capita. When the threshold GDP per capita is increased three times, the percentage of simulations below that value is of 25%. If the threshold is increased 10 times, the percentage of simulations is 75%. Figure 2 One-way sensitivity analysis of early detection strategy. 
Discussion
The transmission cycle of tegumentary leishmaniasis depends on complex parameters that are difficult to estimate. The variety of factors taking place (environmental and social factors, among others) determines the complexity of the processes involved which, in turn, hinders the development of the models. Up to the present time, cost-effectiveness studies have focused on analyzing alternative treatments for patients with new drugs available on the market. Tertiary prevention studies of the disease (treatment) can simplify the models. These studies focus on patients already detected by the healthcare system; thus, they are not obliged to consider those parameters that have any influence in the transmission and diagnosis of the disease. This study does not evaluate the efficiency of treatments but applies those currently used by disease control programs in Latin America. On the contrary, this study is focused on primary and secondary prevention. Firstly, primary prevention is accomplished by prevention of transmission through insecticide-impregnated clothing and curtains. Secondly, secondary prevention is evaluated by training healthcare professionals in early diagnosis of cases of mucocutaneous leishmaniasis. Prevention of transmission strategies are not currently used in Argentina. Few studies have reported the experience with fumigations in Latin America and results have been diverse. Probably the sylvatic component of disease transmission might have determined the lack of success of these methods. Therefore, for the effectiveness of this strategy in the model a wide range for the parameter was considered, while the cost values could be more accurate. According to the results of this model, this strategy might reduce the incidence of leishmaniasis by 2.5 to three times, indicating a significant reduction of DALY associated with this disease in the population. Using this strategy, the estimated reduction of mucosal leishmaniasis is similar to the reduction of cutaneous leishmaniasis. This effect on mucocutaneous leishmaniasis is not common after applying antivectorial measures due to the long incubation period and to the development One-way sensitivity analysis of transmission prevention strategy.
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Cad. Saúde Pública, Rio de Janeiro, 29(12):2459-2472, dez, 2013 Figure 4 Cost-effectiveness plane that represents the 10,000 Monte Carlo simulations of the cost-effectiveness ratio for each new strategy. of mucocutaneous forms secondary to cases of cutaneous leishmaniasis. On the contrary, the incidence of mucocutaneous forms usually increases during interepidemic periods because of previous epidemic outbreaks of cutaneous leishmaniasis. However, the fact that this study evaluates a cohort of persons throughout their lifetime should be taken into account, so the reductions in the incidence of mucocutaneous leishmaniasis may be estimated by the end of this long period evaluated. The estimated incremental cost-effectiveness ratio is less than three times the GDP per capita (US$ 9,067.00 for the year 2010) for both perspectives; thus, this strategy is considered cost-effective according to the criterion of the World Health Organization (WHO). The sensitivity analysis indicated a high dependence on the natural incidence of the disease, demonstrating that prevention of transmission strategies are more efficient in the worst endemic scenarios. The cost of applying the strategy also showed an important dependence. In addition, the Monte Carlo analysis revealed that 100% of the simulations were more costly compared to the treatment strategy currently used. These costs include costs of buying curtains, clothing and insecticide and costs of applying the insecticide, which may be reduced as time goes by after implementing the strategy. The acceptability curve shows that 75% of the simulations are considered cost-effective after adopting an acceptability threshold equivalent to 10 times the GDP per capita. Apart from the costs, this strategy has a significant implication, as the possibility of cooperation among municipal, provincial and national governments and non-governmental organizations to generate small self-sustaining entrepreneurship. These mechanisms would allow maintaining this strategy with minimal costs for the population for a long-term period. The money saved could be accompanied by community empowerment in order to manage community problems and find ways to solve them. Yet, the acceptability of the strategies proposed by the population should always be considered.
Training healthcare agents in recognizing clinical symptoms to improve the early diagnosis strategy was a highly cost-effective approach, with a lower incremental cost-effectiveness ratio than the GDP per capita for both perspectives. The use of this strategy would not reduce the incidence of cutaneous or mucosal leishmaniasis, yet it would improve timely treatment of cases, contributing to the therapeutic success. The cutaneous form of the disease does not produce a significant reduction in the quality of life, is usually painless and the lesion disappears within a few months, even in the absence of treatment. However, the disease may produce psychological and social after-effects that may generate transient disability or loss in working days. The sensitivity analysis demonstrated that the parameters that had more influence in the outcomes of the model were strategy-related costs and costs associated with the disease, the incidence and the probability of making a diagnosis in the current situation. In a study performed in the north of the country, the percentage of under-reporting of cutaneous leishmaniasis was approximately 50%, emphasizing the importance of the training strategy for early diagnosis 30 . The Monte Carlo method showed a significant variability in the results of the simulations. The strategy was dominant at baseline; yet, only 48% of the simulations presented positive incremental effectiveness when compared with the original strategy. This would indicate that the range considered in the parameters had a significant influence and would demonstrate the sensitivity of the model. In turn, the acceptability curve shows that only 43% of the simulations were cost-effective even after adopting an acceptability threshold equivalent to 10 times the GDP per capita. Special attention should be paid to costs and effectiveness before implementing this strategy in order to reduce outcome variables dispersion. In endemic areas of visceral leishmaniasis and malaria, active case detection is a valuable strategy to improve patients' therapeutic expectations and community-based disease management 31, 32, 33 . A study performed in the Gran Chaco Region in Argentina about Chagas disease demonstrated that active case detection might contribute to increase impact, cost-effectiveness and public acceptance 34 . The present study did not evaluate the implementation of an active case detection system but the capability of the healthcare system for passive case detection. Active case detection by healthcare agents making regular revisions of housings would be more effective than passive detection. However, the implementation of a home visiting system in places without an established structure of healthcare agents might be excessively costly. In this sense, the implementation of mixed strategies by neighborhood-based health promoters, community health leaders and other This study presents some limitations. Firstly, the values of some transition probabilities between health states were based on direct evidences of the present study or bibliographic references, while other values were assumed and thus were less supported by facts. This is due to the lack of studies analyzing the effective measures to prevent vectorial transmission and of strategies for early diagnosis of cases. For this reason, parameters with wide ranges were considered to cover uncertainties and thus perform a most conservative analysis. Secondly, simplifications were made to prevent the mathematical model from becoming excessively complex. This happened, for example, with the assumption that a person treated with mucocutaneous leishmaniasis would keep on suffering the negative aftereffects of the disease throughout his/her lifetime. This assumption does not consider the possibility of performing reconstructive surgeries. Other example of simplification was that the probability of relapse of the cutaneous form after failed treatment was not considered. The estimation of costs was also simplified. Although attempts were made to consider the most relevant costs associated with each strategy in all scenarios, capital costs and depreciation of capital assets, since purchase of laboratory equipment, hospital or healthcare center infrastructure costs were not included. Finally, as there were no estimations available about the DALY associated with mucocutaneous leishmaniasis, we used the value associated with the disability produced by leprosy, as both conditions have similar clinical presentation and are regularly confused 22, 23, 24 . Changing the health outcome could have led to mistakes in the value of DALY associated with mucocutaneous leishmaniasis. The use of DALY associated with cutaneous mucosal tertiary syphilis would have been another option, with even greater reductions in DALY values 35 .
In conclusion, this study underlines the importance of primary and secondary prevention strategies for the approach to tegumentary leishmaniasis. In the first place, early diagnosis achieved by training healthcare agents is a highly cost-effective measure, with an incremental costeffectiveness ratio of US$ 156.56, and prevention of vectorial transmission is an effective measure, with an incremental cost-effectiveness ratio of US$ 13,155.52, compared to the original strategy. These results should be complemented with more precise studies evaluating the effectiveness of the methods proposed in order to achieve more adjusted cost-effectiveness estimates. 
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